H9N2 subtype avian influenza virus (AIV) was the highly contagious pathogen which has caused severe losses in the poultry industry throughout China in recent years. Using current epidemic viruses as vaccine was an effective way to prevent infection of H9N2 subtype AIV. In this study, a total of 23 H9N2 subtype AIV strains were isolated in 200 samples from 13 provinces of China during 2012-2016. The sequencing and phylogenetic analysis of the hemagglutinin gene sequence of the isolation strains showed that 22 isolation strains were clustered to h9.4.2.5 lineage, while only 1 belonged to h9.4.2.6. The data of cross-HI, neutralization and cross-immune protection shown that the A/chicken/Hunan/HN/2015 (HN) and A/chicken/Shandong/SD/2014 (SD) strains as vaccine could effectively protect present viruses infection compared with other strains. These results indicated that current epidemic viruses were mainly belong to h9.4.2.5 lineage and HN and SD strains as candidate vaccine strains were potentiality for the protection of present H9N2 subtype AIV infection.
INTRODUCTION
Influenza viruses belong to the family Orthomyxoviridae, which could be classified into 3 types, A, B, and C. Type A influenza viruses were further categorized into different subtypes according to the variant of the surface hemagglutinin (HA) and neuraminidase (NA) protein's antigenicity . At present, 16 HA subtypes (H1-H16) and 9 NA subtypes (N1-N9) of avian influenza viruses (AIV) had been identified (Capua and Alexander, 2009; Jiang et al., 2012) . Among these, the H9N2 subtype was one of the most prevalent AIV in poultry industry and has been reported worldwide such as Europe, North America, Asia, Africa (Jiang et al., 2012; Umar et al., 2016) . H9N2 infection could cause chicken mild respiratory symptoms and reduces egg production, meanwhile, H9N2 coinfection with other virus or bacterial pathogens could lead to chicken death and cause significant economic losses (Xu et al., 2007; Lee et al., 2011; Park et al., 2011; Dalby and Iqbal, 2014; Sun and Liu, 2015; et al., 2016) . In addition, H9N2 subtype AIV has also been isolated in other animals such as duck, quail, partridge, chukar, pigeon, egret, and swine (Hassan et al., 2016; Xia et al., 2017) . Furthermore, in human, serological tests reported that 4.6% of poultry workers were antibody positive of H9 subtype AIV in Beijing (Yu et al., 2013) . It meant that H9N2 subtype AIV could also cause human infection and pose a threat to public health.
H9N2 subtype was firstly discovered from turkeys in Wisconsin in 1966, and then wide-ranging spread around the world . In China, H9N2 subtype viruses had spread rapidly from Guangdong province to several other southern provinces since its firstly isolated from chickens in Guangdong province in 1994 . According to the previous genetic analysis reported that pandemic strains of H9N2 subtype virus could be classified into two major lineages: North American and Eurasian Lineages (Kandeil et al., 2014; Adel et al., 2017) . In Euroasian lineage, H9N2 subtype strains could be genetically divided into 3 main sublineages: the G1 lineage, the Y280 and the Korean lineage (Adel et al., 2017) . The sublineage of G1 lineage, the Y280 and the Korean lineage were represented by the 3023 strains of A/Quail/Hong Kong/G1/97, A/Duck/Hong Kong/Y280/97 and A/Duck/Hong Kong/Y439/97, respectively Adel et al., 2017) . In China, to prevent chicken from H9N2 subtype AIV infection, inactivated vaccines had been widely used in chicken farm. Until now, the A/Chicken/Guangdong/SS/94, A/Chicken/Shandong/6/96 and A/Chicken/Shanghai/ F/98 H9N2 subtype strains which belong to Y280 lineage had been used as seed viruses for the production of inactivated vaccines in China. However, the emergence of newly variant H9N2 subtype strains had caused the failure of immunoprotection.
In this study, we performed HA gene sequencing of H9N2 subtype AIVs, which were isolated in different province of China from 2012∼2016. To understanding the pandemic H9N2 subtype strains, phylogenetic analysis of HA genes was carried out among the isolation and represents H9N2 subtype strains. For the selection and development of candidate vaccine, crosshemagglutination inhibition (HI), neutralization and immune protection assays were performed to evaluate the effectiveness of the vaccine strains.
MATERIALS AND METHODS

Sample Collection and Virus Isolation
The samples of chicken lung, cloacal and oropharyngeal swabs were collected from 13 provinces of China including Guangdong, Guangxi, Hainan, Hunan, Fujian, Jiangxi, Shandong, Hebei, Anhui, Hubei, Jiangsu, Henan, Yunnan. Total 200 samples were individually inoculated into 11-days-old SPF embryonic chicken eggs via the allantoic cavity after filtration sterilization. Allantoic fluid was harvested individually after 72 h inoculation. The hemagglutination (HA) and hemagglutination inhibition (HI) assay were carried out to determine the virus isolation. The HA and HI tests were carried out using a 1% chicken red blood cell suspension according to OIE laboratory standards for avian influenza (Edwards, 2006) .
RT-PCR and Sequencing
Viral RNA extraction was carried out using RNA fast200 kit (Shanghai Fastagen Biotechnology Co., Ltd, China) in strict accordance with manufacturer's protocol. The first-strand cDNA was synthesized using reverse transcriptase kit (TaKaRa, Otsu, Japan) and influenza universal primer Uni-12 (5'-AGCRAAAGCAGG-3'). The full length of HA gene sequence was amplified by PCR using specific primers (Forward primer: 5'-TTTCACAACCACTCAAGATGGAA-3'; reverse primer: 5'-AACAAGGGTGTTTTTGCCAATTA-3'). The amplification protocol was set as follows: 95
• C for 5 min, 30 repeated cycles of 94
• C for 45 Sec, 56
• C for 30 Sec and 72
• C for 2 min, final extension at 72
• C for 5 min. The PCR product was purified according to the instructions of DNA gel extraction kit, and then ligated it into the vector of pMD 19-T (TaKaRa, Otsu, Japan) for later sequencing (BGI Shenzhen Co., Ltd). (Jiang et al., 2012; , and another 42 whole gene HA sequence of H9N2 subtype AIVs isolated in China from 2010 to 2015 and were available in GenBank, were selected to more comprehensive analysis of H9N2 subtype AIV evolution. The phylogenetic analysis of the HA gene was carried out by using maximum likelihood (ML) tree method and 1000 Bootstrap Replications of MEGA 6 software. Lineages and sublineages were classified according to genetic distances and topology of the phylogenetic trees (Jiang et al., 2012) .
Phylogenetic Analysis
H9N2 Virus Mono-specific Antiserum Preparation
Different isolation years and HA gene genetic evolutionary branch of H9N2 strains were chose to the corresponding inactivated oil-emulsion vaccines preparation. Preparation of the inactivated oil-emulsion vaccine was performed as previously described (Stone et al., 1978) . Three-week-old specific-pathogen-free (SPF) chickens were selected and each SPF chicken was injected with 0.3 mL vaccine via neck subcutaneous injection. The second immunization was performed at 21 days intervals. Three weeks after second immunization, antisera were separated from collective sterile blood samples.
Hemagglutination Inhibition (HI) Test and Antigenic Analysis
HI was carried out using various mono-specific antisera and newly isolation H9N2 strains as well as A/Chicken/Guangdong/SS/94 vaccine strain as antigens. The HI test was performed according to OIE laboratory standards for avian influenza (Edwards, 2006) . The antigenic correlation among H9N2 isolates was evaluated base on the HI titers of heterologous and homologous antisera against the H9N2 virus. The difference of antigen was evaluated by the R value which counted according to the Archetti and Horsfall Formula : r1 = HI titer of virus A antiserum against virus B antigen/HI titer of virus A antiserum against virus A antigen; r2 = HI titer of virus B antiserum against virus A antigen/HI titer of virus B antiserum against virus B antigen: R = √ r1 × r2 . According to the National Influenza & Avian-Human Influenza Surveillance Implementation Plan issued by the Chinese Center for Disease Control and Prevention, R = 1 meant that the two virus strains had the same antigen; 0.67≤R<1 indicated that there had no significant difference between the two strains antigens. 0.5≤R<0.67 meant that there had little difference between the two strains antigens; R<0.5 indicated that there had significant difference between the two strains antigens .
Virus Neutralization Test
The virus neutralization test was carried out in SPF embryonic chicken eggs according to the diluted-serum constant-virus procedure (Edwards, 2006) . Briefly, the virus strains were firstly diluted with sterile saline solution into 200 EID 50 /0.1 mL, then mixed with a series of equal volumes of two-fold diluted mono-specific antisera, respectively. After that, the mixtures were placed in 37
• C for 60 min, then individually inoculated into 11-days-old SPF embryonic chicken eggs via allantoic cavity, each mixture was injected into 4 embryonic chicken, 0.2 mL/each eggs. These eggs were placed in 37
• C for 72 h, and then allantoic fluid was individually harvested for HA test except the dead chicken embryos within 24 h. The PD 50 was calculated according to Reed-Muench assay.
Immune Protection Study in SPF Chicken
The inactivated oil-emulsion vaccines were prepared using A/chicken/Hunan/HN/2015 (HN), A/ chicken/Shandon/SD/2014 (SD) and A/chicken/ Guangdong/SS/94 (SS) strains according to the previously described (Stone et al., 1978) .
Seventy 21-day-old SPF chickens without HI titer in sera were randomly divided into eight groups (named A-H). Group A and E were subcutaneously injected with 0.3 mL of HN vaccine; group B and F were subcutaneously injected with 0.3 mL of SD vaccine; group C and G were subcutaneously injected with 0.3 mL of SS vaccine; while group D and H were unvaccinated. Three weeks after immunization, chickens in group A, B, C and D were challenged with 2 × 10 7.0 EID 50 of HN strain in 0.2 mL via intravenous route; chicken in group E, F, G, and H were challenged with 2 × 10 7.0 EID 50 of SD strain in 0.2 mL via intravenous route. Five days after challenged, cloacal swabs were collected and placed in 2 mL sterile PBS (pH 7.4) for virus isolation. Briefly, 0.2 mL of each sample was inoculated into 11-days-old SPF embryonic chicken eggs via allantoic cavity after filtration sterilization. Each sample was inoculated into three eggs. Allantoic fluid was harvested individually after 72 h inoculation. The hemagglutination (HA) test was carried out to determine the virus isolation.
Ethics Statement
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The virus name and corresponding abbreviation could see in Table 5. selected as reference strains for the preparation of mono-specific antiserum and cross-HI test. These results of cross-HI test shown that the difference of the antisera titers were 0∼7 log 2 among the homologous and heterogonous antigens (Table 1) . These strains could classify into A and B antigen group based on the R value ( Table 2 ). The rate of A group was 77.8% (14/18), which the antigenicity was similar to the A/Chicken/Guangdong/SS/94 vaccine strain, while the B group was 22.2% (4/18).
Virus Neutralization Test
The result of chicken embryo neutralization indicated that there exists certain difference in neutralization titers among 18 mono-specific antiserum with homologous and heterogonous antigens. Preliminary data suggest that the mono-specific antiserum of HN strain revealed a strongly neutralizing activity in A group, while SD strain antiserum in B group (Table 3) .
Immune Protection Study in SPF Chicken
The result of immune protection shown that the protection rate of A/Chicken/Guangdong/SS/94 vaccine strain for the HN virus strain was 80%, while for the SD virus strain was 70% (Table 4 ). The result of candidate HN and SD vaccine strains shown that the protection rate for the homologous pathogen was 90%, while the heterogonous pathogen was 80% (Table 4) .
DISCUSSION
Mutations of H9N2 subtype AIV could cause the change of antigenic properties inducing AIV with the potential to escape natural or immune protection and causing vaccine failure in the poultry (Peacock et al., 2016) . The AIV surface protein HA was an important target antigen which major induces protective humoral immune responses . Its genetic variation was correlated to AIV antigenic variation . The phylogenetic analysis of the HA gene was an important way to analyze genetic variation of the H9N2 and the predict endemic strain. In this study, 23 isolation H9N2 subtype AIV and 42 recent strains were performed with the HA gene phylogenetic analysis. The result shown that the 22 isolation strains and 37 recent strains were belong to h9.4.2.5 lineage which was distant genetic relationship with current vaccine strains. It meant that lineage h9.4.2.5 virus strains were the predominant endemic strains in chicken.
In China, inactivated oil-emulsion vaccines derived from classical vaccine strains have been wide-ranging used in poultry since 1990s later, whereas the evolution of H9N2 subtype AIV have induced the failure of immune protection (Wu et al., 2010; Ge et al., 2016) . The previous researches indicated that H9N2 strains isolated from vaccinated chickens had caused Table 2 . Antigenic relatedness (R value) among H9N2 virus isolation and vaccine strains. The virus name and corresponding abbreviation could see in Table 5 . The virus name and corresponding abbreviation could see in Table 5 . widely spread in China outbreaks since 2010 (Wu et al., 2010; Wei et al., 2016; Xia et al., 2017) . Jiang. et al. (Jiang et al., 2012) reported that the prevalent strains of H9N2 subtype AIV mainly belonged to h9.4.2.5 or h9.4.2.6 lineages in China in 2011. Liu et al. reported that the isolation rate of h9.4.2.6 lineages had gradually decrease under the pressure of immune selection since 2012. Combined with the results of this study and former indicated that currently prevalent AIV strains belong to clade h9.4.2.5 lineages in poultry of China and the vaccine can no longer effectively prevent the chicken from the AIV infection. These h9.4.2.5 lineage strains have become the key factor in the prevention and control of the avian influenza. For this reason, 18 isolation strains, which belong to h9.4.2.5 lineages, were selected as experimental virus for the cross-HI and neutralization study based on the result of phylogenetic analysis. These data shown that HN and SD viruses were highly cross-reactive with homologous and heterologous strains in A and B group, respectively. It meant that the HN and SD viruses had favorable immunogenicity. Former studies indicated that using current epidemic viruses as vaccine was an effective way to prevent and control of the AIV infection in poultry (Wu et al., 2010) . The result of immune protection indicated that the vaccines of HN and SD strains could effectively protect the current epidemic strains infection, while the classical vaccine strain SS was not. It means that HN and SD strains could be selected as validation vaccine strains for the prevention and control of the current prevailing H9N2 viruses.
In conclusion, this study demonstrated that the current epidemic H9N2 subtype strains mainly belonged to h9.4.2.5 lineage which were distant genetic relationship from current vaccine strains. According to the results of cross-HI, neutralization and cross-immune protection study indicated that the candidate vaccine strains HN and SD were potentiality for the prevention of current strains infection.
